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NASA TT F - 13,012 

POINT EXPLOSION IN A NON-HOMOGENEOUS ATMOSPHERE 

Kh. S .  Kestenboym, F. D .  Turetskaya, and L .  A. Chudov 

ABSTRACT. A s t r o n g  poin t  explosion i s  examined i n  an ex- 
ponential  atmosphere without cons idera t ion  o f  t h e  real  pro- 
p e r t i e s  of the a i r .  A numerical so lu t ion  of the point  
equat ion o f  gas dynamics i s  g i v e n  and t h e  computation is 
extended t o  l a t e r  phases.  

An approximate law f o r  t h e  propagation of  a shock wave f r o n t  i n  t h e  

case of  an atmosphere whose dens i ty  depends exponent ia l ly  on a l t i t u d e  was 

obtained i n  [l] f o r  t h e  s imples t  model of  a powerful explosion.  This  law 

was f u r t h e r  s p e c i f i e d  i n  [2] ,  where t h e  dependence of p re s su re ,  d e n s i t y  and 

t h e  speed of  t h e  p a r t i c l e s  i n  t h e  f r o n t  on time and t h e  angular  coord ina te  

were a l s o  determined. 

of  t h e  phenomenon was conducted i n  [3]. 

of an assumption of l o c a l  r a d i a l i t y  of  flow; as a r e s u l t ,  the  problem was 

converted t o  one-dimensionality with paramet r ic  dependence of  t h e  s o l u t i o n  

on t h e  angular  coordinate .  

/25* 

An approximate ca l cu la t ion  of  t h e  two-dimensionality 

The au thors  proceeded on the  b a s i s  

A r e l a t i v e l y  l a t e  s t age  o f  a plane explosion was examined i n  [4,  51. 
The asymptotic self-modeling so lu t ions  t h a t  were obtained were appl ied  t o  a 
po in t  explosion [6]. Simi la r  asymptotic cons idera t ions  were made i n  [7,  81. 

The first attempt t o  i n v e s t i g a t e  t h e  problem numerically i n  a po in t  formula- 

t i o n  was made i n  1955 i n  [9]; s e e  a l s o  [14]. 

In  t h e  p re sen t  paper,  t h e  problem i s  considered i n  t h e  same i n i t i a l  

formulation a s  i n  t h e  preceding papers;  a s t rong  po in t  explosion i s  examiEed 

i n  an exponent ia l  atmosphere without  cons idera t ion  of t h e  r e a l  p r o p e r t i e s  

of t h e  a i r .  Unlike previous r e p o r t s ,  however, where the  motion was con- 

s ide red  e i t h e r  by approximate methods o r  f o r  e a r l y  moments i n  t ime,  when 

t h e  non-homogeneity was no t  very powerfully manifes’ted, t he  p re sen t  paper 

conta ins  a numerical s o l u t i o n  o f  t h e  po in t  equat ions of gas dynamics and t h e  

computation i s  extended t o  l a t e r  phases.  The r e s u l t s  of  t h e  c a l c u l a t i o n  a r e  

*Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  the  fore ign  t e x t .  
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compared with d a t a  i n  [ 2 ] .  

1 .  Statement o f  the Problem. Let us  cons ider  a non-viscous,  complete 

gas ,  whose thermal conduct iv i ty  and r a d i a t i o n  a re  no t  taken i n t o  account.  

The dens i ty  p ' and p res su re  p ' a r e  exponent ia l ly  dependent on t h e  a l t i t u d e  

z ' ,  reckoned from t h e  p o i n t  Po,  where a t  t h e  i n i t i a l  moment t = 0 t h e  energy 
0 0 

E i s  l i b e r a t e d .  0 

Here A is. t h e  s c a l e  of non-homogeneity [6] .  I n  the  explosion,  a shock 

wave i s  produced which sepa ra t e s  t h e  reg ion  of flow of t he  exc i t ed  gas from 

the unexci ted p o r t i o n .  The phenomenon possesses  a x i a l  symmetry, and a l l  of 

i t s  c h a r a c t e r i s t i c s  depend on t h e  c y l i n d r i c a l  coord ina tes  z ' ,  r', and t h e  

time t'. 
a x i s  of symmetry. Let p '  . represent  t h e  p re s su re ,  p '  t h e  dens i ty ,  and u' and 

0' t h e  h o r i z o n t a l  and v e r t i c a l  components of t h e  speed, r e s p e c t i v e l y .  

dimensionless v a r i a b l e s  a r e  introduced according t o  t h e  formulas 

The motion i s  viewed i n  t h e  h a l f  p lane  II(r' 2 0 ) ,  bounded by t h e  

The 

where t h e  dimensionless f a c t o r  c1 depends [ l o ,  111 on the  c o e f f i c i e n t  of t h e  

a d i a b a t i c  curve y,  assumed cons tan t .  
0 

The equat ions des~cr ib ing  the  motion assume t h e  form 

The boundary condi t ions  f o r  t h e  shock wave w i l l  be those  of Rankine and 

Gugonio: 
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where N i s  t h e  ra te  of propagat ion of t h e  shock wave, and cr i s  t h e  angle  of 

t h e  normal t o  t h e  f r o n t  with a x i s  r. The fol lowing condi t ions  of  symmetry 

a r e  imposed on t h e  a x i s  r = 0 :  

0 ap av 
ar ar ar 

u = o ,  - a p _ = - = - =  

The explosion i s  assumed t o  be s t rong ,  and t h e  parameters A and A 
g P 

i n  (1.3) and (1 .4 ) ,  r ep resen t ing  t h e  inf luence  of t h e  fo rce  of g r a v i t y  and 

counterpressure,  are assumed t o  be equal t o  zero .  The s o l u t i o n  of  t h e  

problem obtained i n  t h i s  manner depends on a s i n g l e  dimensionless parameter,  

t h e  index of  t h e  a d i a b a t i c  curve y. 

2. Method o f  Solution. I n  t h e  h a l f  p lane  II a c e n t r a l  area G i s  

marked o f f  ( r e f e r r e d  t o  i n  f u t u r e  a s  c . a . ) ,  wi th  a boundary G ( A )  conta in ing  

t h e  p o i n t  of  t h e  explosion P The boundary GO($)  i s  s e l e c t e d  i n  t h e  course 

of so lv ing  t h e  problem i n  such a way t h a t  t h e  p re s su re  over t h e  e n t i r e  c .a .  

may be considered cons t an t .  

high speed of propagat ion produced i n  t h e  v i c i n i t y  of t he  p o i n t  P 

0 

0 

0' 

The phys ica l  b a s i s  f o r  t h i s  assumption i s  t h e  

0' 

For each moment, t h e  p re s su re  i n  t h e  c.a.  i s  determined wi th  t h e  a i d  

of t h e  energy balance;  t h e  d e n s i t y  and v e l o c i t y  t h a t  a r e  requi red  f o r  ca lcu-  

l a t i n g  t h e  k i n e t i c  energy a r e  ex t r apo la t ed  i n  t h e  c.a.  from t h e  reg ion  of  

d i f f e r e n t i a l  c a l c u l a t i o n  G bounded by t h e  curve '  G o ( t )  , t h e  f r o n t  of t h e  1' 
shock wave G,(t) and two segments of t h e  a x i s  of symmetry (Figure 1 ) .  

With t h e  a i d  of a s p e c i a l  system of  coord ina tes  represented  schemat ica l ly  

i n  Figure 1, a rea  G i s  transformed i n t o  a f ixed  r ec t ang le  i n  t h e  p lane  of 

t h e  ca l cu la t ed  v a r i a b l e s  (<, 8). The motion equat ion (1 .3) ,  transformed t o  

t h e  v a r i a b l e s  '(T, c y ,  8) , i s  approximated with t h e  a i d  of a c l e a r  two-level 

system first used by G .  S .  Roslyakov and L. A. Chudov i n  1962 t o  so lve  t h e  

problem of  supersonic  flow around a b l u n t  body [12].  

1 

. To c a l c u l a t e  t h e  shock wave f r o n t  under t h e  condi t ions  of Rankine and 

Guganio, an equat ion was 'formulated f o r  t h e  t o t a l  speed of t h e  p a r t i c l e s  a t  

t h e  f r o n t .  D i f f e ren t  approximations o f  t h e  condi t ions  of symmetry (1.5) were 

used i n  t h e  areas of  t h e  boundary corresponding t o  segments of t h e  a x i s  of 

symmetry. 
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Smoothing was used t o  damp t h e  / 2 7  - 

3 

o s c i l l a t i o n s  a r i s i n g  i n  t h e  presence 

of  l a r g e  g rad ien t s .  

The energy balance was used as 
a c o n t r o l .  

3 .  Results of t h e  Calcu la t ions .  

The method descr ibed was t e s t e d  on 

var ious  one-dimensional problems, 

p a r t i c u l a r l y  t h e  s o l u t i o n  of the 

problem of a po in t  explosion i n  a 

homogeneous atmosphere with con- 

s i d e r a t i o n  of  counterpressure .  Good 

Figure 1 .  agreement with t h e  d a t a  i n  [13] was 

obtained.  

The s o l u t i o n  of  t h e  problem descr ibed  above was obtained on a g r i d  con- 

s i s t i n g  of 320 node p o i n t s  (16 r ays  and 20 nodes on each r a y ) .  The ca l cu la -  

t i o n  was made a t  y = 1 .2 .  For t h e  i n i t i a l  condi t ions  i n  t h i s  c a l c u l a t i o n  

w e  used t h e  self-modeling s o l u t i o n  of L. I .  Sedov [ l o ,  111 ( the  i n i t i a l  

r ad ius  of t h e  f r o n t  was 0.054) .  Ca lcu la t ions  were continued u n t i l  T = 13.4. 

The a c t u a l  non-homogeneity of t h e  problem was c l e a r l y  apparent ;  some va lues  

va r i ed  over enormous ranges.  For example, t h e  p re s su re  i n  the  upper p a r t  of 

t h e  f r o n t  decreased i n  comparison t o  t h e  i n i t i a l  va lue  by s i x  o r  seven orders  

of magnitude. The s p a t i a l  non-homogeneity was a l s o  g r e a t :  a t  T = 13.4 t h e  

p re s su re  i n  t h e  lower p a r t  of t h e  f r o n t  was g r e a t e r  than  t h e  p re s su re  i n  t h e  ' 

upper p a r t  of t h e  f r o n t  by a f a c t o r  of  50. 

was accompanied by a no t i ceab le  con t r ac t ion  of t he  c .a .  i n  t h e  r e l a t i v e  

coordinate;  t h e  in f luence  of non-homogeneity appears t o  p e n e t r a t e  t h e  c e n t r a l  

zone. 

The development of non-homogeneity 

The p res su re  i n  t h e  c.a. up t o  T = 0 . 2  co inc ides  with t h e  corresponding 

- pressure  i n  i h e  self-model ing s o l u t i o n ,  then  becomes smal le r :  a t  T = 1.39, 

t h e  d i f f e r e n c e  6 p o  i s  9%, a t  T = 4.4, 6po = 26%, e t c .  

s t rong  s t age  t h e r e  i s  a phenomenon of "suction" o f  p a r t i c l e s  out  of t h e  

c e n t r a l  a r ea .  A sharper  drop of p re s su re  i n  the  c .a .  i n  comparison with 

Evident ly ,  i n  t h e  
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[ l o ,  111 ev iden t ly  makes t h e  c.a. f l o a t  l i k e  an a r e a  of cons tan t  p re s su re  

observed with an inc rease  of non-homogeneity. The shock wave, moving upward 

a t  T - 6.2 reaches t h e  minimal value of i t s  speed; d i s p e r s a l  o f  t h e  upper 

p a r t  of t h e  f r o n t  then begins .  

As t h e  s p a t i a l  non-homogeneity inc reases ,  s o  do t h e  e r r o r s  i n  approxi- 

mation caused by a r a t h e r  coarse  g r i d ,  which show up as t h e  growth of t h e  

r e l a t i v e  imbalance of  energy 6 E ;  t h u s ,  6E = 7, 20, 30% f o r  T = 1.39, 4.4,  

and 6.1,  r e s p e c t i v e l y .  

The r e s u l t s  r e l a t e d  t o  l a rge  va lues  of T have only a q u a l i t a t i v e  va lue .  - /28 
Figure 2 shows f o r  T = 6 . 1  t h e  d i s t r i b u t i o n s  of  t h e  func t ions  p and p on 

coord ina te  z along t h e  lower and upper r a y s  of t h e  g r i d .  A t  t h i s  moment 

t h e  shock wave f r o n t  t r a v e l s  upward a d i s t ance  which i s  more than two f a c t o r s  

g r e a t e r  than  t h e  corresponding d i s t ance  downward. 

s o l u t i o n  i n  t h e  lower p a r t  and a complete t ransformat ion  of t he  d e n s i t y  

p r o f i l e  as well as t h e  main p res su re  i n  t h e  upper p a r t  o f  t h e  exc i t ed  a r e a  

are noted.  I n  add i t ion ,  t h e r e  i s  a q u a l i t a t i v e  correspondence of  t h e s e  

p r o f i l e s  t o  t h e  self-model ing s o l u t i o n  [ S I .  

Large g r a d i e n t s  of  t h e  

Figure 2. 

4. Comparison with Data in 

The p o s i t i o n s  of t h e  shock [ 2 ] .  

wave f r o n t  on t h e  b a s i s  of  t h e  

r e s u l t s  of t h i s  work a r e  shown i n  

Figure 3 f o r  T = 3.05 and 6.1 

( s o l i d  curves) ;  t h e  d a t a  from [2] 

a r e  represented  by d o t s .  The 

maximum r e l a t i v e  dev ia t ion  ( i n  t h e  

r a d i a l  d i r e c t i o n )  occurs a t  t h e  

lower p o i n t  of t h e  a x i s  of symmetry 

and does no t  exceed 7%. 

As expected, t h e  gas  dynamic 

paramete& i n  t h e  f r o n t ,  which have 

a c e r t a i n  degree of sense  i n  t h e  
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cond i t iona l  ( i n t e g r a l )  sense  i n  [ Z ] ,  have much worse'agreement with t h e  

r e s u l t s  of our c a l c u l a t i o n s .  Figure 4 shows t h e  p re s su re  d i s t r i b u t i o n  i n  

t h e  f r o n t  as a func t ion  of t h e  angular  coord ina te  6 a t  T = 1.39 and 1: = 4.4. 
The s o l i d  curves  are p l o t t e d  on t h e  b a s i s  of our r e s u l t s ,  and p o i n t s  r ep re -  

s e n t  t h e  r e s u l t s  from [ Z ] .  

0 48' 96 

Figure  3. F igure  4. 
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